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Abstract 
 
Simple and easy treatments for the CeO2 buffer layers on sapphire single crystal substrates were demonstrated to enhance the 
superconducting properties of the metalorganic YBa2Cu3O7-y films using (i) acid solution dipping, (ii) UV light irradiation, and (iii) 
thermal annealing.  When the CeO2 buffer layers were exposed to UV light, water contact angles diminished drastically, however, 
an apparent effect on the superconducting properties was not observed.  On the other hand after the thermal annealing at 750°C 
under the mixture of dry-air and N2 gas, superconducting current density of 1.4 MA/cm2 at 77.3K was achieved independent of 
treatment time.   
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1. Introduction 
  
Superconducting properties of metalorganic (MOD) YBa2Cu3O7-y (YBCO) films using a fluorine-free coating 
solution on r-cut sapphire substrates are significantly affected by surface morphology and crystallinity of cerium oxide 
(CeO2) buffer layers.  In order to prepare the MOD-YBCO films with high superconducting current density (Jc) 
smooth surface, homogeneous grain size, and complete 001 crystal orientation of the CeO2 buffer layers are inevitable 
as we have demonstrated for large-area MOD-YBCO films [1] in which small amount of 111 crystal orientation of 
CeO2 gives rise to severe degradation of the superconducting properties.   
In the present work, we examined several simple and easy treatments for the CeO2 buffer layers to enhance the 
superconducting properties of the MOD-YBCO films using (i) acid solution dipping, (ii) UV light irradiation, and (iii) 
thermal annealing.  When the CeO2 buffer layers were exposed to UV light, water contact angles diminished 
drastically, however, an apparent effect on the superconducting properties was not observed.  On the other hand short 
time thermal annealing at 750°C under the mixture of dry-air and N2 gas revealed the enhancement of Jc and Jc of 
around 1.4 MA/cm2 at 77.3K was observed by an inductive method.   
 
2. Experimental 
 
One-side polished CeO2-buffered (40 nm-thick) r-cut sapphire single crystal (K&R creation Co., Ltd., 20 mm-
square, 0.53 mm-thick) were used as substrates.  The CeO2-buffer layer was completely (001)-oriented and had so 
small surface roughness (Ra is around 0.5 nm) observed by an atomic force microscopy (AFM).  The surfaces of the 
CeO2 buffer layers were treated by (i) acid solution dipping, (ii) UV light irradiation, or (iii) thermal annealing.  In (i) 
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acid solution dipping treatment, specimens are dipped in 1N-HNO3 solution for 30 min at room temperature, and 
cleaned using distilled water and dried.  A commercially available UV/Ozone cleaning apparatus and a conventional 
electric furnace were employed in (ii) UV light irradiation (BioForce Nanosciences, Inc., UV/Ozone ProCleaner™), 
and (iii) thermal annealing in a stream of dry-air and N2 gas, respectively.  The furnace was heated from room 
temperature up to 750°C which is slightly lower than the heat-treatment temperature to form YBCO as described 
below in (iii).   
After one treatment out of (i) – (iii), a coating solution prepared using fluorine-free metal acetylacetonates 
(Y:Ba:Cu = 1:2:3 molar ratio, Nihon Kagaku Sangyo Co., Ltd.) was applied using a spin coater.  After prefiring for 60 
min at 500°C in air, the specimens were heat-treated to crystallize the YBCO phase at 760°C for 90 min in a stream of 
Ar-O2 gas mixture where a partial pressure of O2 was kept approximately 10 Pa, followed by pure O2 treatment and 
furnace cooling to ambient temperature.  The thicknesses of YBCO films ranged 170 – 190 nm were calculated by the 
increases in the weights after the YBCO formation.   
Water contact angles of the CeO2 buffer layers after the treatments were observed using a contact anglemeter 
(Erma Inc., G-1-1000).  Spatial distribution of Jc for the YBCO layers was obtained by mapping analysis of inductive- 
Jc data (THEVA, Cryoscan™; probe coil diameter: 5 mm; measured mesh size was 2 mm) at 77.3 K through whole 
area of the specimens.  A standard X-ray diffractometer (XRD; Rigaku, SmartLab) mounted on a horizontal -2  
goniometer with a double-crystal analyzer was employed to examine the crystalline phase and quality of the film.   
 
3. Results and discussion 
 
The surfaces of the CeO2 buffer layers on the sapphire substrates were treated by (i) acid solution dipping (1N-
HNO3 solution), (ii) UV light irradiation (254 nm light generated by mercury vapor lamp and reactive ozone), or (iii) 
thermal annealing (750°C in a stream of dry-air and N2 gas).  Thicknesses of YBCO films, CeO2 treatments and their 
duration, water contact angles measured after the treatments, and averaged Jc values are summarized in Table 1.  In 
which the averaged Jc values are calculated by Jc mapping at center parts (3 x 3 points) presented in Fig.1.measured by 
the inductive method at 77.3 K.  The shaded squares out of the 3 x 3 points in the figure refer to the unreliable data, 
which means that when the probe coil crosses the film edges, the third harmonic voltages versus coil current curves in 
the inductive measurement became spurious [2,3].  Each YBCO film shows uniform Jc values except those at the 
edges.   
 
Table 1. Details of the sample films (a) – (f).   
 
Sample Name, 
YBCO thickness CeO2 treatment, duration Contact angle Averaged Jc (Fig.1) 
(a)  170 nm None 98° 0.99 MA/cm2 
(b) 180 (i) 30 min. 84 0.66 
(c) 160 (ii) 15 13 1.05 
(d) 170 (iii) 90 77 1.43 
(e) 190 (iii) 180 N/A 1.47 
(f) 190 (iii) 30 N/A 1.42 
 
Water constant angle of 98° in the film (a) without CeO2 treatment for the buffer layer indicated that wettability is 
poor, however, after the CeO2 treatments the angles of films the (b), (c), and (d) diminished, and especially in film (c) 
good wettability was observed.  In the averaged Jc’s for films, (b); 0.66 and (c); 1.05 MA/cm2 no improved 
superconducting properties was observed in comparison with the average value of Jc for the film (a) with no CeO2 
treatment (0.99 MA/cm2).  The treatments (i) and (ii) are considered to affect chemical state (e.g. dangling bonds) at 
surface of the CeO2 buffer layers.  An apparent effect on the superconducting properties was not observed through the 
treatments during the YBCO formation.   
On the other hand thermal annealing at 750°C under the mixture of dry-air and N2 gas for 90 min. (film (d)) 
revealed the Jc enhancement and the value of 1.43 MA/cm2 was observed at 77.3K.  Our previous paper [1] describes 
that an increase of the CeO2 XRD peak intensity after annealing at 900ºC and higher, and according to the AFM 
observation drastic grain growth of the CeO2 buffer layers and occurrence of pores on the surface are shown.  The 
AFM results lead significant degradation of Jc values of the YBCO films.  No sign of both grain growth and pore 
formation was observed in the AFM observations for CeO2 buffer layers before and after the 750°C-annealing in this 
report.   
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The averaged Jc’s of the films (e) and (f) treated by (iii) for 180 and 30 min. is shown in Fig. 1 (e) and (f), 
respectively.  The values of 1.47 and 1.43 MA/cm2 are almost consistent with that of (d), therefore, short time 
annealing enough to take an advantage in the treatment (iii).    
 
 
                     
Fig. 1. (a) Jc mapping of 20 mm-square MOD-YBCO films on CeO2-buffered r-cut sapphire single crystal substrates.  
The CeO2 buffer layers were treated before YBCO formation; (a) no treatment, (b) acid solution dipping, (c) UV light 
irradiation, (d) thermal annealing for 60 min., (e) ibid. 180 min., (f) ibid. 30 min. 
 
- s of the films (a) and (d) are exhibited in Fig. 2 in which the intensity is indicated on a 
logarithmic scale.  Small reflection peaks corresponding to the a-axis-oriented YBCO indicated by asterisk (*) were 
observed, whereas the highly c-axis-oriented phase was dominant for both the films.   
Scanning electron micrographs (not shown in this paper) of the surface of the films (a) and (d) revealed that the 
smooth and crack-free dense YBCO surface, and a characteristic feature of a spiral growth is observed anywhere in the 
figure.   
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Fig. 2. XRD patterns of the YBCO film in Fig.1 (a) and (d).  Highly c-axis-oriented as well as small amount of a-axis-
oriented (indicated by *) phases were observed 
 
4. Conclusions 
 
Simple and easy treatments such as (i) acid solution dipping, (ii) UV light irradiation, and (iii) thermal annealing 
were performed for surfaces of the CeO2 buffer layers to enhance the superconducting properties of the MOD-YBCO 
films.  UV light irradiation was considered to affect chemical state (e.g. dangling bonds) of the CeO2 surface from the 
drastic decrease of the water contact angle.  However, the apparent effect on the superconducting properties was not 
observed through the treatment.  Among three kinds of the treatments short time thermal annealing at 750°C under the 
mixture of dry-air and N2 gas revealed the enhancement of Jc (around 1.4 MA/cm2 at 77.3K) observed by the inductive 
method.  No obvious change of surface morphology was observed in the AFM observations for CeO2 buffer layers 
before and after the annealing, a slight improvement of CeO2 crystallinity may enhance Jc of the MOD-YBCO films.   
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